INTRODUCTION
Tissue confirmation is a gold standard for diagnosing most malignant tumors. However, widely accepted guidelines for management of hepatocellular carcinoma (HCC) enable making a diagnosis of HCC based on not only biopsy but also imaging techniques, 1, 2 because biopsy carries the potential risks of mistargeting, sampling error, and complications including bleeding and needle track seeding. The diagnostic accuracy of dynamic imaging technique showing arterial hypervascularity and washout of contrast in the venous-delayed phases has been demonstrated by several studies. 3, 4 In addition, recent advances in MR techniques and new hepatocyte-specific contrast agents improved diagnostic accuracy of imaging technique. Although diagnostic accuracy of imaging technique for HCC has been improved, misdiagnosis is encountered not uncommonly in real clinical practice. Both false positive diagnosis and false negative diagnosis cause serious problem of patient-doctor relationship. To reduce the rate of misdiagnosis, doctors should be familiar with the clinical manifestation and the imaging findings of those cases. We here report three false positive cases of benign hepatic nodules mimicking HCC.
CASE REPORT

Case 1
A 59-year-old male patient with hepatitis B virus cirrhosis, who was under surveillance for HCC, showed a mass on a computed tomography (CT) scan. The mass was not seen on the previous CT scan which was performed 15 months ago. Arterial phase images showed a 1-cm hypervascular mass in the subcapsular area of segment V/VIII of the liver (Fig. 1) . However, the mass did not show washout of contrast on delayed phase images. Gadoxetic acid-enhance Liver magnetic resonance imaging (MRI) was performed three months later for further evaluation. There was no significant interval change in size. The mass showed low signal intensity (SI) on T1-weighted images (T1WI), high SI on T2-weighted images (T2WI), hypervascularity on arterial phase, washout of contrast on portal and delayed phases, and low SI on hepatobiliary phase. The mass demonstrated high SI on diffusion-weighted images (DWI) and low apparent diffusion coefficient (ADC) value. Liver function tests showed normal range of aspartate aminotransferase (AST) and alanine aminotransferase (ALT). The serum tumor marker, α-fetoprotein (AFP) was also normal range. Our
Benign nodules mimicking hepatocellular carcinoma on gadoxetic acid-enhanced liver MRI impression was HCC. He underwent tumorectomy. However, the histologic diagnosis was intrahepatic bile duct adenoma on a background of hepatitis B virus cirrhosis.
Case 2
A 30-year-old female patient was referred to our hospital for evaluation of a hepatic tumor which was incidentally detected during ultrasound (US) screening at a local clinic. The patient had no symptom or history of viral hepatitis or excessive alcohol intake. All liver function tests and AFP were normal range. On outside US, there was a 1.6 cm hyperechoic mass in segment IV/I of the liver (Fig. 2) . On contrast enhanced CT scan, the mass showed low density on precontrast images, hypervascularity on arterial phase, and washout of contrast on portal and delayed phases. For further evaluation, gadoxetic acid-enhanced liver MRI was performed. On T1-weighted in-phase and out-of-phase images, the mass contained focal fat tissue. On arterial phase, early draining vein was not seen but the left hepatic vein showed early enhancement. The mass showed low SI on T1WI, high SI on T2WI, high SI on DWI, and low SI on hepatobiliary phase (Fig. 2) . Our first impression was fat-containing HCC. However, she did not have any risk factors for HCC, and underwent percutaneous needle biopsy. The histologic diagnosis was hepatic angiomyolipoma. Conservative management with close follow-up was decided because she did not have any symptoms and the size of tumor was relatively small. However, the size increased to 2.5 cm on follow-up MRI performed 9 months later. Finally, she underwent left hemihepatectomy and caudate lobectomy, and angiomyolipoma was confirmed.
Case 3
A 66-year-old female patient was referred to our hospital for evaluation of a hepatic tumor which was incidentally detected during US screening at a local clinic. She had a medical history of chronic renal failure. The patient had no history of viral hepatitis or excessive alcohol intake. All liver function tests and AFP were normal range. Outside US showed a 1.2 cm sized hypoechoic mass in left lateral segment of the liver (Fig. 3) . It was a low density mass on precontrast CT images. On the contrast-enhanced dynamic CT images, the mass revealed subtle enhancement on arterial phase and washout of contrast on delayed phase. On ga- doxetic acid-enhance MRI, the mass showed low SI on T1WI, high SI on T2WI, and high SI on DWI. On arterial phase images, the peripheral portion showed more intense enhancement than the central portion. The peripheral intense-enhancing portion showed iso SI on hepatobiliary phase, but the central less-enhancing portion showed low SI on hepatobiliary phase. Considering this imaging finding, the peripheral intense enhancement could be considered as perinodular enhancement not enhancement of tumor itself. The perinodular enhancement was sustained until the delayed phase. Our initial impression was HCC or other hypervascular malignant tumors. We tried to perform percutaneous needle biopsy, but it was too risky to perform it due to surrounding vessels. Finally, she underwent laparoscopic lateral sectionectomy. The histologic diagnosis was pseudolymphoma.
DISCUSSION
Bile duct adenoma
Bile duct adenoma is a rare benign tumor arising from the epithelium of bile ducts. As the patients usually do not present with clinical symptoms, this tumor is detected incidentally. Its incidence was reported to about 1.3% of primary hepatic tumors. 5 The mean age at diagnosis is 55 years without gender difference in the incidence of this disease. 6 Histologically, bile duct adenoma is characterized by inflammation and fibrosis involving a proliferation of bile ductules, which are thought to be reactive processes in response to focal injuries and may be associated with chronic liver disease. As the disease progresses, fibrous tissues increases. Most cases were small (<2 cm) and typically found on the surface of the liver. It is a usually solitary nodule, but may occur as multiple nodules.
Although bile duct adenoma is defined as a benign tumor, there was a case report suggesting the possibility of cholangiocarcinoma associated with bile duct adenoma. 7 However, so far there is no report about tumor recurrence in the literature and patients have a good prognosis.
There have been several reports on the imaging findings of bile duct adenoma. According to the previous reports, many of bile duct adenomas showed hypervascularity on arterial phase. However, SI on T2-weighted images and washout of contrast on delayed phase were variable probably according to the amount of fibrous stromal component. A previous case report suggested that high ADC value could be used an important tool to reveal the benignity of bile duct adenoma, 8 but ADC value was low in our case. It is natural that bile duct adenoma shows low SI on hepatobiliary phase because it originated from bile duct epithelium not hepatocyte.
Hepatic angiomyolipoma
Hepatic angiomyolipoma is a rare benign mesenchymal tumor. There is marked female predominance. It composed of proliferating blood vessels, smooth muscle cells, and adipose cells. Definite diagnosis is made by identification of these three components and HMB-45 positive staining.
In the past, this tumor has been considered as an entirely benign and slow-growing lesion without possibility of malignant transformation. However, the cases showing aggressive changes such as growth in size, recurrence after surgical resection, metastasis, and invasive growth pattern have been reported. Based on these reports, a study recommended that all patients with symptoms or tumor larger than 5 cm receive surgical resection for hepatic angiomyolipoma. 9 Typical imaging findings in imaging studies of hepatic angiomyolipoma are heterogenous hyperechoic mass in US, presence of fat component on CT or MRI and arterial hypervascularity. However, preoperative diagnostic accuracy for hepatic angiomyolipoma has not been high because hepatic angiomyolipoma shows various patterns in imaging studies according to the relative proportions of vessels, muscles, and fatty tissue. Most common impression of misdiagnosed cases was HCC because HCC also is a hypervascular tumor and can contain a considerable fat content. According to the previous reports, there are several points which may be useful in discriminating between angiomyolipoma and HCC: (A) presence of early draining vein, (B) absence of tumor capsule, and (C) peripheral decreasing enhancing rim.
10,11
Hepatic pseudolymphoma
Hepatic pseudolymphoma, also known as reactive lymphoid hyperplasia is a rare benign nodular lesion. The average age of the patients was 56.7 years with female predominance. Most of the tumors were no more than 2 cm and single. Although the precise etiology is still unknown, the relatively high prevalence of autoimmune disorders suggests a possible involvement of autoimmunity to hepatic pseudolymphoma.
Histologically Pseudolymphoma tends to show low density on precontrast CT images, slight early enhancement in the arterial phase, and low to isodensity in the delayed phase. On gadoxetic acid-enhanced MRI, the nodules reveal low SI on T1WI, high SI on T2WI, high SI on DWI, and low SI on the hepatobiliary phase. However, these imaging findings are not specific for pseudolymphoma. Therefore, most reported cases have been disdiagnosed as HCC or metastatic carcinoma. Meanwhile, a recent study reported that hepatic pseudolymphoma showed unique enhancement pattern, named perinodular enhancement on dynamic contrast-enhanced CT or MRI. The perinodular enhancement reflects increased arterial supply in perinodular hepatic parenchyma caused by portal venular stenosis and/or disappearance due to marked lymphoid cell infiltration in perinodular portal tracts. 13 This finding may be useful in the differentiation from HCC or other tumors.
In conclusion, benign lesions such as bile duct adenoma, angiomyolipoma, and pseudolymphoma can mimic HCC. However, there are several specific clinical manifestations and imaging findings that may be useful in the differentiation between these lesions and HCC. Therefore, doctors should be familiar with them to reduce misdiagnosis.
SUMMARY
Although diagnostic accuracy of imaging techniques for HCC has been improved through recent advances in MR techniques and new hepatocyte-specific contrast agents, misdiagnosis is encountered not uncommonly in real clinical practice. To reduce the rate of misdiagnosis, doctors should be familiar with the clinical manifestation and the imaging findings of false positive and false negative cases. We here report three cases with benign hepatic nodules mimicking HCC: bile duct adenoma, angiomyolipoma and pseudolymphoma.
